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Emulsified silicone oil may cause vision-threatening conditions, including keratopathy, secondary glaucoma and retinopathy -and its removal may not reverse its effects.1 27 Silicone emulsitication occurs with a decrease of interfacial surface tension.'· Many studies have revealed physicochemical properties that facilitate silicone emulsification, such as viscosity, biologic cmulsifiers, molecular entanglements and impurities.'~II The purpose of our experiment was to examine whcther mechanical energy from surgical instruments can result in emulsification of silicone oil. We used an in vitra model to assess silicone oil emulsification over power ancl duration with phacofragmcntation, phacoemulsification and high-speed vitrccromy handpieccs.
METHODS
For the in vitra model. 1.5 mL of silicone oil (1000 and 5000 cst, fluid 200; Dow Corning) was added to 1.5 mL of balanced salt solution (BSS) in a plastic test-tube. The effect of ultra sound power on silicone emulsification was evaluated by placement of the phacofragmentation hand piece at the BSS/silicone oil interface for 80 seconds over six different ultrasound powers, starting at 10%, with increasing 10% increments. Thc duration of ultra sound power was evaluatcd separatcly by placement of the phacofragmentation handpiece at the BSS/silicone interface (at 40% power) over six increasing time periods, beginning at ten seconds.
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The experiment was repeated for the high-speed vitrectomy handpiece (cut rate of 1500 cpm, 5 mm Hg vacuum) for ten minutes and the phacoemulsification handpiece (40% ultrasound, 15 mm Hg vacuum, 80 cm bottle hcight) for one minute.
All test-tllbes
were then centrifuged at 3400 rpm far three minutes on a Cygnus CF-VI centrifuge. Cantrols consisted of silicone oil only and aqueous only for each handpiecc parameter and silicone oil/aqueous without any exposure to handpicce parameters. All the above experiments were repeated separately for the 1000 and 5000 cst silicone oil. In addition, each handpiece experiment was duplicated with a more Iimited set of parameters using medical grade 5000 cst silicone oil (Bausch and Lomb, Rochester, NY, USA) and 1000 cst silicone oil (Alcon, Fort Worth, TX, USA). Due to the infusion effects of phacoemulsification, a closed system was lISed to permit capture of emulsified silicone. All experiments were conducted using an available clinical Venturi vacuum-based system used for vitrectümy, phacoemulsification and fragmentation. The degree of cmulsification for the different parameters tcsted in the in vitro model was quantified by phase-contrast micrascopy with magnification factor of 10x (Zciss Axiophot). A masked examiner manually cOllnted the emulsification bubblcs in cight random photographs and the mean number of emulsification bubbJcs for each experiment was calculated, using a previousiy established technique.' , In the ex vive model, complete vitrectomy was performed and a full-fill of silicone oil was obtained in a human eye. The lcns was removed, leaving the posterior capsule intact. A corneoscleral tunnel allowed for the placement of the phacoemulsification hand piece in the anterior chamber. mimicking standard constmction.
Emulsified bubb!es were visualized with IOx magnification.
RESULTS
The Mann-Whitney non-parametric test was uscd to analyse results compared to silicone oil only at each hand piece parameter.
Emulsification of both 1000 est and 5000 cst silicone oil in vitra incrcascd with greater phacofragmentation power and duration.
The mean number of emulsification bubbles was also greater, for 1000 cst versus 5000 cst silicone oil over all conditions. In addition, bubbies were observed to be smaller for the 1000 cst silicone oil. Results are shown in In vitro, we show that emulsification of silicone oil with aqueous can occur with phacofragmentation and phacoemulsification. In addition, emulsification increases with increasing llltrasollnd power (mean 5000 cst silicone oil emulsification bubblcs with 10% phacofragmentation power, 1.50 (SO 1.31) verSllS 60% power 39.38 (SO 5.85) (p<O.OOI)) and duration of phacofragmentation (mean 5000 cst silicone oil emlllsification bllbblcs with ten seconds phacofragmentation, 0.88 (SO 0.83) versus 60 seconds 46.88 (SO 8.18) (p<O.OOI)). As a contro!, we demonstrate that silicone oil without BSS and BSS without silicone oil did not ell1ulsify under any of our handpicce test conditions, and silicone oil with the addition of BSS without mechanical energy did not ell1ulsify. The mechanical and/or cavitational energy," produced by these surgical instruments is likcly to disrupt the interfacial surface tension between silicone oil and BSS, thus facilitating emulsification (the vitrectomy hand piece wOllld have mechanical energy alone). Continuous kinetic energy input has been reported to further segregate the droplets:
as confirmed in our study by increasing emulsification with duration of phacofragmentation.
We also show that emulsification is greater with 1000 cst versus 5000 cst silicone oil over all experiments (for eg, mean silicone oil emulsification bubbles at 50% phacofragmentation power with 1000 csr, 10 1. ,. ,~. be more applicable to under-filled eyes with an intraocular interface or eyes [hat require long durations of vitrectomy.
In vitro, we show that phacofragmentation and phacoemul· sification can result in emulsification of silicone oil and can also occur ex vivo with phacoemulsification.
However, there are no large case series that demonstrate this in vivo. Posterior designed handpieces, such as the phacofragmentation and vitrectomy handpieces, may result in greater emulsification due to thcir proximity to the silicone oiIlaqueous interface. In complex eyes with intractable retina problems, the clinical plan may require silicone oil to be left in the eye without removal. In these ca ses, or with some zonular dialysis/dehiscence or other architecturally altered eyes, a silicone oil exchange postphacoemulsification may be considered to eliminate any increased rate of emulsification caused by surgelY.
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